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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procgdures used to develop this document and those intended for its further maintenance\are
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-for the
different {ypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document mayybe the subjecf of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS( list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does pot
constitutqg an endorsement.

For an exyplanation of the voluntary nature of standards, the ¢ieaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/
iso/forewprd.html.

This document was prepared by Technical Committee ISO/TC 150, Implants for surgery.

Any feedblack or questions on this document should be directed to the user’s national standards body. A
complete |isting of these bodies can be found at www.iso.org/members.html.
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Introduction

This document provides a general introduction to the field of absorbable metals. It outlines design
considerations which differ from non-absorbable metals and provides a detailed description of the
absorption process.

Metallurgical evaluation of absorbable metals is discussed, with reference to ASTM F3160 and
commentary on the impact of composition and production processes on final performance.

In vitro degradation corrosion testing is discussed, with reference to ASTM F3268 and commentary on
the¢ importance of environmental conditions in the tests.

Both in vitro and in vivo biological assessment are discussed, with reference to several pdrts of the
ISQ 10993 series, ISO/TS 37137-11) and the under-development ISO/TR 37137-22).

NOTE ISO/TS 37137-1 applies to all absorbable materials, including metals and polymers. ISO/TR 37137-2 is
spécific to absorbable magnesium-based materials.

Thi interrelation of the absorbable-specific reference documents can be viewed in Figure 1.

/ ISO/TS 20721 \

Guidance for the assessment of absorbable metallic implants

WK61103
ASTM F3160 ASTM F3268 Corrosion Fatis Fatigue ISO/TS 37137-11
Metallurgical In Vitro der devel Biological
X : t
Characterization Degradation Testing (urih;"(r)u g}‘: Zg?ﬁ; n Evaluation

Figure 1 — Interrelation of standards specific to absorbable implants

The guide can be useful to both materijalsuppliers and implant manufacturers.

Absorbable polymers used in conjunction with absorbable metals, either for performance maqdification
or drug delivery, are not addressed. However, it is expected that a polymer coating, absorbahle or non-
abgorbable, can influence ab§orption and performance of the underlying absorbable metal. ASTM F2902
adflresses absorbable polymers.

Some existing standa¥ds address specific absorbable implants (e.g. ISO/TS 17137 addresses gbsorbable
cafdiovascular implarits) made of either polymer or metal.

1) Under preparation. Stage at the time of publication: ISO/TS/CD 37137-1:2020.
2) Under preparation. Stage at the time of publication: ISO/TS/CD 37137-2:2020.
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Implants for surgery — General guidelines and
requirements for assessment of absorbable metallic
implants
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Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

3)
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Under preparation. Stage at the time of publication: ISO/TS/CD 37137-1:2020.
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31

absorb

absorption

<biomaterials> action of a non-endogenous (foreign) material or substance, or its decomposition
products passing through or being assimilated by cells and/or tissue over time

Note 1 to entry: Annex A provides further clarification regarding the nomenclature of absorb, degrade and
related terms.

[SOURCE: ISO 10993-6:2016, 3.1, modified — Note 1 to entry added.]

3.2
degrade
physically, metabolically, and/or chemically decompose a material or substance

[SOURCE:|ISO/TS 37137-1:2020, 3.4]

3.3
degradatjon product
byproduct
intermedilate or final result from the physical, metabolic, and/or chemical decomposition of a material
or substaice

[SOURCE:|ISO/TS 37137-1:2020, 3.3]

3.4

implant
implantaple medical device
medical device which can only be removed by medical or surgical intervention and which is intended|to:

— be tofally or partially introduced into the human body or a natural orifice, or
— replage an epithelial surface or the surface of'the eye, and
— remain after the procedure for at least 30-days

[SOURCE:|ISO 13485:2016, 3.6, modified '— alternative term “implant” added.]

4 Absagrbable metal considerations

4.1 General

Implants fabricated frofitabsorbable metals are expected to degrade gradually while retaining sufficient
mechanical properties over time to achieve a clinically successful end point. As these implants degrdgde
by corrosjon, theirdegradation products should be released at a rate which is acceptable to the hpst
both locally and(systemically. Generally, absorbable metals are primarily composed of one of three main
nutrient dléments: magnesium, iron, or zinc. Various alloying elements are commonly added to egch
of these base materials to Improve properties like strength, ductility, fatigue resistance, or corrosion
resistance. In some cases, non-metallic coatings or components can be added to the absorbable metal to
augment the total implant performance.

In contrast, non-absorbable metallic implants (or subcomponents) intended to permanently replace
a missing, lacking, destroyed, or diseased physiological function, or to support healing process are
intentionally resistant to corrosion. Since the corrosion rate of such implants is extremely slow to
negligible, such alloys can include toxic or harmful elements which are not expected to significantly
leach into the body but rather remain within the implant. In some cases (e.g. metal on metal hip
implants), wear particles of these corrosion-resistant alloys can be generated and can lead to negative
outcomes due to their non-absorbing nature. Since most current standards have been developed with
such permanent implants in mind, these standards need to be carefully evaluated for their suitability
as test methods for absorbable metals.

2 © IS0 2020 - All rights reserved
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4.2 Design considerations
4.2.1 Composition

4.2.1.1 General

All components of the absorbable metal are intended to be directly or indirectly exposed to the body
tissue where the potential for an adverse biological response can occur. Informed decisions shall
be made on the toxicity profile of the materials including potential impurities and their resultant
degradation products Asthe implants progress throngh the carrasion process they produce a series of
degradation products including ions, oxides, hydroxides and gases (see Reference Zheng 2014). Further,
mdtallic particles can be released from the implant during the corrosion process which fan result
in [transient mechanical and biological impacts in addition to the degradation products mentioned
pré¢viously.

Components of the absorbable metal native to the host, such as magnesium, iron,or zinc, can|simply be
indorporated in the body’s various biological processes, with excesses remaved’by natural homeostasis
megchanisms. However, in some physiological circumstances, the componéntsand degradation products
cap have long residence periods in either the initial implant site or_4 pemote tissue after fransport.
A general understanding of what happens to the implant’s resultingZdegradation products |[during its
abgorption lifecycle is important.

4.2.1.2 Base element

It is recommended to use metals considered native to the body, examples of which are iron, mpgnesium,
or ginc.

Aspessment for biocompatibility of the base elemént shall be done according to 7.2.

4.2.1.3 Alloying elements

Alloying elements are intentionally. added to the base element to improve properties like tensile
stijength or corrosion rate. These eélements can account for a significant portion of the alloy, and thus
require a high level of scrutiny. Unlike the base elements which are easily removed by the| body, the
allpying elements are often notnutrient metals, and can sometimes have longer residence times in the
implant-site tissue. They can.also be transported by the body to other tissues for further processing.
It {s important to consider-the degradation pathways, residence locations and residence dyrations of
the¢se alloying elements:;

Aspessment for bigeompatibility of the alloying elements and their compounds (metal phases and
inermetallic compounds) shall be done according to 7.2.

4.2.1.4 Jmpurities

purities are those elements that are not purposely added to the alloy but are introducef through
ravwsateriaHmpuritesandlorprocessing Withinthiscontesdimpuritesincludebutarewot limited
to, trace elements, contaminant materials, and unintended elements. Impurities should normally be
present at very low concentrations. The primary concern with impurities is their impact on implant
performance and safety. In the case of magnesium alloys, for example, trace iron, nickel, or copper
can dramatically reduce corrosion resistance by forming microgalvanic cells between the anodic
magnesium and cathodic impurity. In all metals, inclusions (e.g. oxides, nitrides, intermetallics)
exceeding some critical size can also limit implant strength and fatigue life. Proper risk and quality
management systems should ensure these impurities are sufficiently low to avoid these negative side
effects.

ASTM B107/B107M, ASTM B93/B93M, ASTM B90/B90M, and the ASM Specialty Handbook for Magnesium
and Magnesium Alloys contain useful information on impurity limits in common magnesium alloys.

ASTM A36 and ASTM A314 detail impurity limits for some commercially available iron-based materials.

© IS0 2020 - All rights reserved 3
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ASTM B86 sets impurity limits for commercially available zinc alloys.

NOTE ASTM B107/B107M, ASTM B93/B93M, ASTM B90/B90M, ASTM A36, ASTM A314, ASTM B86, and ASM
Specialty Handbook for Magnesium and Magnesium Alloys cited here are for information only.

4.2.2 Coatings

In some implants, a coating can be initially employed to alter the corrosion behaviour (including the
corrosion rate, corrosion uniformity, corrosion mechanisms, and corrosion products) and failure
modes. Coatings can take the form of a conversion layer (oxides/passivation) or extraneous materials
(e.g. polymersrmetals;orceramies)—-Whendesigninginvitro-andfrrivo-testsitistmportant-toconsiger
and evaluate the impact of any coatings intentionally applied to the implant. Potential interactigns
between the coating, absorbable metal substrate, and degradation products from the coating andjor
the absorlable metal substrate should be considered.

4.2.3 Npn-absorbable subcomponents

Some subfomponents of absorbable metals can be designed to remain permanently in the body. For
example, §mall tantalum or platinum markers can be added to a vascular scaffold\to increase radiopadity
and aid in|deployment.

4.2.4 Microstructure

The micr¢structure of an absorbable metal can have a significant” impact on nearly all aspects| of
mechanicgl performance. It can also impact corrosion behavioutswhich can impact biological resporise.
Mechanicgl properties like strength, toughness, and ductility,as well as corrosion rate and corrosjon
morphology, are strongly tied to the metal’s microstructure. In the case of additively manufactufed
componenjts, understanding porosity can be important as well. Amorphous metals, also known|as
metallic glasses, do not have the typical crystalline stgucture found in most metals and requires spedial
considerafion. At micro and nano scales, there are five'major factors that impact the performance of the
material:

a) the sige and distribution of grains and subgrains (individual crystallites in metals);
b) crystallographic texture (orientation.of grains);

c) presehce, type, morphology, size, volume fraction, orientation relative to the matrix/ coherericy,
chemijcal composition, structure, and distribution of intermetallic phases, inclusions, or pores;

d) concentration of solute.atems within the phases (matrix phase and intermetallic phases);

e) concentration and)distribution of defects (e.g. dislocations, vacancies, interstitials) within the
crystal structuré;

A metal’s| microStructure is a function of both its chemistry (base and alloying elements) and |its
processing history. Therefore, metallic materials with equivalent chemistries but different procgss
histories |peSsess different microstructures. Likewise, metals with identical process history but
different chemistries also have different microstructures. Further discussion on processing can be
found in 5.3.

Because a consistent microstructure can be critical to an implant’s performance, inspection for
appropriate retention of the microstructure should be undertaken at appropriate stages in the
manufacturing process. ASTM F3160 provides significant information and guidance regarding the
metallurgical (and microstructural) characterization of magnesium (Mg), iron (Fe), and zinc (Zn)
based metals and alloys. Generally, metallic microstructures are observed by optical (light) or electron
microscopy.

NOTE ASTM E407, ASTM E340, ASTM E112, ASTM E1382, ASTM E2627 and ISO 643 provide methods for
sample preparation and characterization of the microstructure.

4 © IS0 2020 - All rights reserved
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4.2.5 Implant design and functional performance

The absorbable implantable medical implant shall accomplish its intended clinical treatment over
a sufficient time period to provide a clinically successful outcome. The implant shall be designed to
be absorbed by the body over a finite time and eliminated such that there is no residual complication
by the former presence of the implant or significant persistent residuals. The implant shall meet the
performance requirements expected for the clinical treatment and maintain sufficient integrity during
the tissue healing and remodeling period to not adversely affect the implant site. Additionally, the
components of the alloy, their degradation products and intermediates shall result in an acceptable
biological response, and the risks associated with local pH changes, gas bubble formation, heat
ge TOTT; i i i i i nll also be
asgessed - see 4.2.1, 4.3.5, and Clause 7.

implant performance at the time of implantation shall meet the applicable requirements. Legal
requirements can apply, that define specific implant performance for the implant type. An appropriate
level of performance shall be maintained during the healing process as required by the §reatment.
The degree of performance required at any time point should be informed‘by any availahle clinical
judgement of the user community.

NOTE 4.3.6 provides guidance for profiling mechanical performance/loss during the absorption period.
4.3 The absorption process

4.3.1 General outline

The physiological environment is a harsh one in which‘irietals tend to corrode. Materials lik¢ stainless
stdel and titanium are intentionally selected for théir stability in such an environment. Absorbable
mdtals, however, are intentionally selected to break down by corrosion and be absorbed, in|a suitable
m4gnner for the application at hand.

Abgorbable metals degrade in a three-stageyprocess:

a) | Metallic conversion (corrosion).=(the metal is either converted into an oxidized state pr into an
ionic state;

b) | Oxide reactions - initial oxide or hydroxide formed in the first stage can further react into complex
compounds and can induce formation of additional compounds;

c) | Biological absorption/removal - the degradation products can be absorbed, djstributed,
metabolized, and/or excreted by biological process, or can remain in the tissue.

NOTE See Reference [29] for further reading.

4.3.2 Metallic conversion

Absorbable metals in aqueous solutions corrode with reduction-oxidation (redox) reactions. During
th¢ degradation of absorbable metals, the metal is oxidized, and the resulting released metdl ions can
form compounds with the body’s electrolytes. For metals with a low electrochemical potential (e.g.
magnesium and zinc), the predominant reduction reaction is the hydrogen evolution reaction wherein
water and the electrons generated from the metallic oxidation react into hydroxide and hydrogen gas.
Iron has a higher electrochemical potential, and at physiological pH its electrons are consumed in the
dissolved oxygen reduction reaction, and generally does not generate a gaseous byproduct.

In many implants, immediately after implantation there is a relatively high corrosion rate until a more
passive corrosion layer develops and slows the corrosion rate to a steadier state.

The rate of hydrogen gas creation is directly related to the rate of corrosion. To avoid build-up of gas
pockets or bubbles which can impede tissue healing, corrosion rate and gas production rate should be
kept below the rate of perfusion of hydrogen through tissue. The small size of hydrogen gas molecules
allows for relatively fast diffusion, but specific rates vary based on local tissue types and perfusion level.

© IS0 2020 - All rights reserved 5
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The formation of hydrogen or hydroxide can also affect the pH of the local tissue. This pH shift can have
an effect on local tissue and alter the rate and mechanism of metallic conversion.

Completion of this first stage conversion of metal into degradation products can be confirmed for in vitro
and ex vivo samples by various analytical methods including optical metallography, energy-dispersive
X-ray analysis in scanning electron microscopy (SEM/EDX), or X-ray microtomography (uCT).

4.3.3 Subsequent degradation reactions

As the body contalns a complex comblnatlon of electrolytes the metal compounds flrst formed durlng
metal cornve NS
are dependent on the specific env1ronment surrounding the 1mplant and can differ dependmg onthe
implant sife.

Some metfal components undergo multiple corrosion reactions before reaching a finalstable entjty,
which is gither removed from the body or remains as a stable molecule contained in the body. The fhte
of each elgment of an alloy is dictated by local electrolytic environment in which the corrosion reactigns
take placg¢, and can involve the formation of metal hydroxides, oxides and subsequent reactions into
phosphaté¢s and carbonates.

The final |degradation products of absorbable metals can be oxide-, phosphate- and calcium-baged
compounds such as apatite. These compounds are highly stable in the bedy and only removed by lgng
term bioldgical metabolic pathways.

4.3.4 Elemental impact on absorption

When allqying elements are used in an absorbable metal, their impact on the microstructure shall|be
considerefl with respect to the absorption process. Alloying elements can be in solution in the matfix,
or in the fprm of intermetallic compounds, depending onitrelative solubilities and process history.

Different gomponents of the metal, or chemically inhomogeneous regions of the metal, can convert ifito
the degradation products at different rates. Forvexample, intermetallic phases can corrode faster|or
slower than the matrix depending on their galvanic relationships[331(34], In some cases, this relationship
can be exploited during implant design to@€xert some control over the corrosion rate.

After modt of the metallic conversion.and subsequent oxide transformation processes have occurrgd,
alloying dlements in the form of intermetallic phase fractions (if more noble than the matrix) ¢an
remain at|the implant site for a much longer time. It is therefore important to consider if componehts
of the allgy can form more stable phases and how long they can reside in the body until converting
to oxide gqr other degradatien’products and are absorbed. If sufficiently small, stable phases can|be
taken up by phagocytosisy Iif the residue time is expected to be long, the effect of their presence in the
biological|system should-be considered.

4.3.5 Bjologicakabsorption

As the abserbable metal is converted to degradation products, the degradation products graduglly
disappear—ffom—the—implantation—site—by—disselution,—celular—absorption,—transpers—er—ether
mechanisms. Consequently, the major components of an absorbable metal should consist primarily
of metallic elements that can be either metabolized or excreted by the human body. The degradation
products should be similarly well tolerated. Further, absorbable metal implant degradation should
occur at a rate that is well-tolerated by the body both locally and systemically.

Appropriate means to conduct a biological evaluation of this degradation process are described in
Clause 7.

4.3.6 Mechanical loss

An inherent feature of absorbable metals is eventual loss of mechanical support; the key concern in
ensuring this does not happen prematurely. Thus, the rate and mode of degradation needs to be

6 © IS0 2020 - All rights reserved
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adequately matched to the healing of the tissue at the implant site such that the site can accommodate

implant failure.

Generally, absorbable metal corrosion occurs in varying degrees of uniformity. Uniform corrosion,
where material erodes homogenously from exposed surfaces, is more predictable and in general
preferable. Non-uniform corrosion leads to earlier and less predictable mechanical loss and can occur
in one of three ways. Stress corrosion cracking is a phenomenon wherein the interactive effects of
stress and corrosion lead to cracks even at relatively low stresses. Corrosion fatigue is related to stress
corrosion cracking but incorporates cyclic rather than static loads. Finally, pitting corrosion occurs
when local sections of the surface are corroded more rapidly than surrounding areas, forming cavities,

Triradal 11 £ i 1 1 o b b
WITICITTCAat tO 10SS U CIrOSS-SsCCtIoalr arcda aira stress COITCeITtr atIolrs:

Evhluation of the potential for stress corrosion cracking and corrosion fatigue shoul
eafly in the design cycle to screen for susceptible materials. These phenomen

pefformance of the implant.

NOTE1  Further discussion of corrosion fatigue can be found in the guidance doc

WK61103 by the ASTM F04.15.03 Absorbable Metals Task Group.

NOTE 2  Refer to [35] for a review of corrosion fatigue of magnesium alloysO\
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Figure 2 — Metal corrosion modes

While uniform corrosion leads to a relatively predictable rate of mechanical loss, stress corrosion
cracking or pitting corrosion can cause premature mechanical loss, as illustrated in Figure 2.
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5 Metallurgical and manufacturing considerations

5.1 General

In evaluating and characterizing the metallurgical aspects of an absorbable metal, the guidance of
ASTM F3160 shall be considered.

Further discussion of key criteria is provided in 5.2 and 5.3.

5.2 Composition

The nominal concentrations of intentionally added alloying elements shall be specified and acceptaple
tolerance ranges shall be established to ensure consistent performance within the same lot and“acrgss
multiple Ipts of material. Further, maximum levels of allowable impurities should be specified:

NOTE ASTM A751, ASTM B954, and ASTM E536 provide methods for quantitative asseéssment of alloy
constituenf levels in iron-based, magnesium-based, and zinc-based alloys, respectively.

5.3 Pragduction process

5.3.1 General

The prodyction processes used for an absorbable metal have significant influence on its microstructiire
and ther¢fore mechanical and corrosion properties. Known, major parameters influencing the
performance of absorbable metals are discussed in 5.3.2 to 5.3.7.

5.3.2 Raw material purity

All raw njaterials contain impurities. In some cases;‘these can be substantially removed during the
melting practice, but some amount remains in the-material and the implant. Impurities known to hgve
an impaction the overall implant performance.and safety should be assessed, and a threshold specifjed
in the profuction of absorbable materials. Refer to 4.2.1.4 for additional information.

5.3.3 Mletal melting practice

As absorbable materials are eventually exposed to the body, careful consideration to the environment
of the melting operation shouldytake place to avoid contaminants. Melting practice can be optimized
to minimjze impurities from~-the molten metal prior to casting. Improper melting practice leads| to
inconsistgnt material and subsequent implant performance.

5.3.4 Metal casting

Various mlethods'can be used to solidify, or cast, metals. The microstructure of a cast metal is goverrned
primarily| by“the alloy chemistry and the cooling rate. For absorbable metal implants which are
produced |froim cast materials, proper control of the cooling rate is crucial. Most implants, however,
are fabricated from metals which are thermo-mechanically processed after casting. This subsequent
thermomechanical processing, rather than the casting, dictates the microstructure of the final material.

5.3.5 Metal thermo-mechanical processing

Processes such as extrusion, rolling, forging, and drawing are regularly used to simultaneously modify
the microstructure and produce a semi-finished product for input to subsequent manufacturing steps.
All thermo-mechanical processing impacts the microstructure and therefore is critical in determining
the performance of the absorbable metal and implant. Parameters which effect the microstructure
should be evaluated for impact on absorbable metal performance and controlled accordingly. In some
cases (e.g. zinc alloys), it might be necessary to evaluate the stability of the microstructure under
normal storage conditions[32],
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Thermo-mechanical processing can introduce processing aids or contaminants to the material. Methods
where lubrication is used, such as extrusion or drawing, can lead to residual lubrication on or within
the material. Careful consideration should be used when choosing the type of lubrication and when
designing cleaning and monitoring steps. Contamination can occur from the equipment used in the
mechanical processing. Wear of tooling is common and the effect on the performance of the material
should be considered.

5.3.6 Surface considerations

Changes in surface finish effectively change the surface area, increasing or decreasing the corrosion
rafle. Characterization and control of the surface condition is recommended for consistent performance.

5.3.7 Implant cleaning, sterilization, packaging, storage, and handling

As|with all medical implants, implants formed from absorbable metals are generallycleaned, jsterilized,
patkaged, stored, and handled prior to and/or during implantation. The influenecé of these processes on
totlal implant performance should be considered.

NO[TE References [30] and [31] provide information on the impaetyof sterilization techniques on
magnesium alloys.

6 | Evaluation of in vitro degradation characteristics

6.1 General

en evaluating the in vitro degradation characteristics of an absorbable metal, the guidance provided
in ASTM F3268 shall be considered.

NOTE An additional document on corrosion“fatigue (WK61103) is currently under development by the
ASI'M F04.15 subcommittee.

Additional considerations

In pitro degradation testing intsimulated body fluid is an important first step to understgnding the
cofrosion behaviour of absorbable metals and implants fabricated from absorbable metals. However, it
is not yet a substitute for ifi vivo testing. The use of a simulated body fluid alone does not fully replicate
the¢ complex environmefit (e.g. proteins, electrolytes, cells, stress, pH) of specific regions of the body.
Both immersion and‘electrochemical test methods are suitable for comparing different gbsorbable
mgtal composition$-and lot-to-lot variability, but they cannot be expected to provide accurate|estimates
of n vivo corrosion/rates.

Cofrosion conditions of the in vitro experiment shall be closely controlled and monitored to achieve
reproducible results across varying time points and laboratories. Conditions that affect the experiment
ar¢ eléctrolyte composition, environmental gas exchange with the electrolyte, environmental gas
pressure, changes in composition of the electrolyte during the experiment, biological contamination,
temperature control of the experiment, pH and changes of pH of the electrolyte during the experiment,
electrolyte movement over the surface of the test piece, and accumulated corrosion products. The use
of a suitable reference material as an experimental control is highly recommended.

The addition of application-relevant applied mechanical loads (whether static or dynamic) during
corrosion testing is often worthwhile to assess susceptibility to stress corrosion cracking or corrosion
fatigue, as discussed in 4.3.6.

Various methods to evaluate the results of in vitro corrosion tests are described in ASTM F3268.
Methods include mass loss, hydrogen gas evolution, measurement of corrosion products, metal ion
release, or volume loss via imaging methods (e.g. ultrasonography, microtomography, or magnetic
resonance imaging). The analysis can be somewhat complicated by the build-up of non-metallic
corrosion products on the remaining metallic sample.
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The mechanically relevant implantation period can be considered complete when the metallic volume
of the absorbable metal has been fully converted into corrosion products.

With sufficient in vitro and in vivo data, an in vitro - in vivo correlation factor can be calculated.

7 Biological evaluation

7.1 General

To assist irdevelopingatrappropriatebiologicatevatrationofanat
regarding utilization of ISO 10993-1 in both the in vitro and in vivo biologic
materialsfand implants can be found in ISO/TS 37137-1%.

etere

ble

NOTE1 |“Biological evaluation” refers to the ISO 10993 series of tests and does not include guidance on other
pre-clinical implant performance or safety studies.

ISO/TS 37137-1 provides discussion regarding the general considerations needed when biologicdlly
evaluating any absorbable implant, be it of a metallic, a polymeric, and/or a biologic-based compositipn.
When evaluating the biological impact of an absorbable metal, the guidance provided in ISO/TS 3713f-1
shall be cgnsidered.

NOTE 2  |More specific guidance for the biological evaluation of absorbable,magnesium materials is availabl¢ in
ISO/TR 37137-25).

7.2 Biocompatibility of degradation products

Toxicolog]cal evaluation of degradation products and impurities should follow the recommendatior] of
ISO 10993-17 and consider the degradation kinetics.

Local and systemic biological responses to degradation products can be evaluated using in Vfivo
implantatjon and/or safety studies.

7.3 In Jitro biological evaluation

In an idea] situation, in vitro biological test systems should reflect the physiological environment of the
intended jmplant location. However, this is often not practically possible, and testing using standard in
vitro biocpmpatibility methods (e.g. ISO 10993-5 for cytotoxicity) should be used. However, it shonld
be noted fthat the conventional biological testing will likely only address the implants in their pre-
degradedstate (e.g. as manufactured).

NOTE1 |Since the release/of ionic degradation products is expected during the in vitro or in vivo corrosion of
an absorbgble metal, results obtained from in vitro cell culture systems with finite pH buffer capacity mighg or
might not 1leflect thelin vivo response due to pH changes. Similarly, with static in vitro test systems, if degradatjion
product ingluced osmolality changes occur, this can cause in vitro signals of toxicity that might or might not ocfur
during in vjvo gxposure.

NOTEZ C Rof 2.1 £ £ £l Y 43 4 ie Lial H 1 & 43 £ H 11 R
OCCRCTCT CTICC OO TUT - TUT TIICT TUT TITAaCTOT UTE 11T vILtT U UTUTO gTC AT oS tTE OT HTag TICSTUTIT aItuy Sy Dee

Reference [27] for further information on safety assessment of elemental impurities.
7.4 Invivo biological evaluation

7.4.1 Biocompatibility end point studies

For most implants, in vivo evaluation in an appropriate animal model is needed to provide a level of
assurance that the implant performs as expected and does not produce adverse biological response
throughout the degradation process. Guidance regarding the appropriate concerns and assessment

4) Under preparation. Stage at the time of publication: ISO/TS/CD 37137-1:2020.
5) Under preparation. Stage at the time of publication: ISO/TS/CD 37137-2:2020.
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methods when undertaking an in vivo biological implantation evaluation can be found in ISO 10993-6
and other relevant parts.

General guidance regarding the special considerations needed when biologically evaluating an
absorbable metal or implant in accordance with the ISO 10993 series can be found in ISO/TS 37137-16).

Proper selection of retrieval or analysis time points is important to ensure the collected data are useful.
These time points should be matched to the implant type and application and consider the expected
tissue response and metal absorption times.

7 4 . . .
Implant-specific assessments regarding both safety and implant performance are outsidethle scope of

this document, and users should consult other relevant standards for specific requirements.

NOTE ISO/TS 17137, for example, provides guidance on cardiovascular absorbable implants.

6) Under preparation. Stage at the time of publication: ISO/TS/CD 37137-1:2020.
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